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MONITORING CALORIC 
EXPENDITURE RATE AND CALORIC DIET 

Field and Background of the Invention 

This application relates to an apparatus and method for monitoring the 
5 caloric expenditure rate of a subject, and also for monitoring the caloric diet of 
the subject. 

Good personal health and fitness in general, and weight management in 
particular, requires some form of monitoring the caloric diet, both the caloric 
intake and the caloric expenditure. Many monitoring techniques and devices 

10 have been proposed, for example as described in U.S. Patent 6,013,009, and the 
many patents discussed therein, as well as in U.S. Patent 5,891,042. 

U.S. Patent 5,891,042 discloses a fitness monitoring device including a 
body motion detector (e.g. a pedometer) which measures body motion (i.e. 
physical activity) of the subject, and a heart rate detector which measures the 

15 heart rate, and thereby the exertion level of the subject. The device further 
includes a processor which may process this information according to a 
plurality of different modes, one of which is a calorie mode, for converting 
these measurements into caloric expenditure. 

U.S. Patent 6,013,009 discloses a heart rate monitoring system which 

20 includes a sub-unit utilizing physical activity data (e.g., walking or running) to 
calculate a rate of calories burned per pound for each test exercise. The 
calculation is performed using a pre-programmed formula based on statistical 
data accumulated from several thousand sample adults. 
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My prior U.S. Patents 4,917,108; 5,038,792; 5,178,155; 5,179,958; and 
5,836,300, all of which are hereby incorporated by reference, disclose another 
system for measuring caloric expenditure using indirect calorimetry, by 
measuring the metabolism of the subject. Such a system includes a respiratory 
5 gas analyzer which detects inhalations and exhalations of the subject, analyzes 
the oxygen consumption, and produces a caloric expenditure rate measurement 
from the analysis of the oxygen consumption. Such a technique has a number 
of advantages for measuring caloric expenditure as described in those patents. 
Object and Brief Summary of the Present Invention 

10 An object of the present invention is to provide apparatus and method 

for monitoring the caloric expenditure rate of a subject which is particularly, 
but not exclusively, useful with the indirect calorimeter technique described in 
my above U.S. patents in order to obtain many of the advantages provided by 
such a technique. Another object of the invention is to provide apparatus and 

15 method for monitoring the caloric expenditure rate of a subject, which 
apparatus and method are more closely tailored to the individual subject, rather 
than to statistical samples, and therefore are more capable of attaining higher 
accuracy than previously known techniques, such as described in U.S. Patent 
6,013,009. 

20 Another object of the invention is to provide apparatus and method for 

monitoring the caloric expenditure rate of a subject according to a technique 
which is more flexible than previously known techniques, since it enables the 
individual subject to select one or more of a wide variety of exercises the 
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individual wishes to perform and to measure the caloric expenditure rate 
applicable to the exercise and exercise rate selected by the subject. 

According to one aspect of the present invention, there is provided 
apparatus for monitoring the caloric expenditure rate of a subject, comprising: 
5 a caloric expenditure rate detector for detecting and measuring the caloric 
expenditure rate of the subject; a body activity detector for detecting and 
measuring the body activity of the subject; and a processor for storing a 
measured caloric expenditure rate and a concurrently measured body activity 
for each of a plurality of different body activities and activity rates, to enable 

10 each subsequently detected body activity measurement to be converted to the 
caloric expenditure rate of the respective subject. 

According to further features in the preferred embodiment of the 
invention described below, the processor is programmable to operate in: a test 
mode, in which the processor measures and stores a caloric expenditure rate for 

15 each body activity; and an operational mode, in which the processor converts 
each subsequently detected body activity measurement to the corresponding 
caloric expenditure rate stored during the test mode. 

As indicated earlier, the apparatus is particularly, but not exclusively, 
useful in the indirect calorimetry technique for measuring caloric expenditure 

20 as described in the above-cited U.S. patents, in which case the caloric 
expenditure rate detector would be a respiratory gas analyzer which detects 
inhalations and exhalations of the subject, analyzes the oxygen consumption, 
and produces said caloric expenditure rate measurement therefrom. 



01/26535 PCT/US00/28O12 

4 

According to still further features in the described preferred 
embodiment, the body activity detector produces a body activity measurement 
also when the body of the subject is relatively at rest, to enable a personal 
correlation factor also to be computed and stored during the test mode 
corresponding to a relatively at rest body condition of the subject, and to be 
used in the operational mode for modifying the caloric expenditure rate 
measured when the subject's body is relatively at rest. 

The body activity detector may detect physical activities of a subject 
including walking and running at different rates, and/or physical exertions of 
the subject, e.g. as indicated by the heart rate of the subject. 

The body activity detector may comprise a clock and a position 
detection system such as a global positioning system (GPS). By storing the 
user's position and time at intervals along a walking, running or biking route, 
the user's speed may be calculated and correlated with previous measurements 
of caloric expenditure while performing the exercise at various rates to 
determine the caloric expenditure over the route. 

According to another aspect of the present invention, there is provided a 
method of monitoring the caloric expenditure of a subject, comprising: 

A. equipping the subject with: (1) a calorie expenditure rate 
detector for producing a caloric expenditure rate measurement of the subject, 
and (2) a body activity detector for producing a body activity measurement of 
the subject; 
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B. during a test mode: (1) utilizing the detectors for producing the 
caloric expenditure rate measurement and the body activity measurement while 
the subject is undergoing a plurality of different body activities and at different 
rates, and (2) storing the correlation between the two measurements for each of 

5 the body activities; and 

C. during an operational mode: 

(1) utilizing the body activity detector for producing a body 
activity measurement; 

(2) retrieving the corresponding caloric expenditure rate 
1 0 measurement stored for the respective body activity; and 

(3) utilizing the retrieved caloric expenditure rate 
measurement as the measurement of the caloric expenditure rate in monitoring 
the caloric expenditure of the subject. 

According to a still further aspect of the present invention, there is 
1 5 provided apparatus for monitoring the caloric diet of a subject, comprising: 

a caloric expenditure rate detector for detecting and measuring the 
caloric expenditure rate of a subject; 

a body activity detector for detecting and measuring the body activity of 
the subject; and 
20 a processor for: 

(a) processing a measured caloric expenditure rate and a 
concurrently measured body activity to compute a personal correlation factor 
for each of a plurality of different body activities; 
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(b) modifying a subsequently measured body activity by the 
personal correlation factor to determine the caloric expenditure of the subject at 
the time the body activity is measured; 

(c) integrating the caloric expenditure rate over a period of time to 
5 produce a total caloric expenditure; and 

(d) producing a balance of the total caloric expenditure minus 
caloric intake inputted into the apparatus over the period of time. 

It will thus be seen that the present invention involves the actual 
measurement of caloric expenditure rate of a subject simultaneously with the 

10 measurement of the subject's body activity in order to produce a personal 
correlation factor which may thereafter be used to compute the actual caloric 
expenditure by that subject to achieve the particular body activity involved 
when the body activity is measured. Such a technique, therefore, enables 
attaining high accuracy for the respective subject and is compatible with the 

1 5 exercises selected by the subject. 

Further features and advantages of the invention will be apparent from 
the description below. 

Brief Description of the Drawings 

The invention is herein described, by way of example only, with 
20 reference to the accompanying drawings, wherein: 

Fig. 1 is a block diagram illustrating one form of apparatus constructed 
in accordance with the present invention; 
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Fig. 2 is a flow chart illustrating one manner of operating the apparatus 
of Fig. 1; and 

Fig. 3 is a block diagram illustrating another manner of using the 
apparatus of Fig. 1 with an external PDA (personal digital assistant) or PC 
5 (personal computer). 

Description of a Preferred Embodiment 
Fig. 1 is a block diagram illustrating one form of apparatus constructed 
in accordance with the present invention for monitoring the caloric expenditure 
rate of a subject, whenever desired, e.g. when doing certain exercises or when 
10 relatively inactive. The apparatus illustrated in Fig. 1 also provides for 
inputting the caloric intake of the subject, e.g. in the form of calories or foods 
converted to calories by the apparatus, and therefore may also be used for 
monitoring the caloric diet of a subject to produce a balance of caloric intake 
minus caloric expenditure over any desired period of time. 
15 The apparatus illustrated in Fig. 1 includes a caloric expenditure 

detector 10; a physical activity detector 11; and an exertion level detector 12. 
If the apparatus is also to be used for monitoring the caloric diet of the 
individual, it would also include a caloric intake input 13. 

The caloric expenditure detector 10 is preferably of the indirect 
20 calorimetry type based on the measurement of the metabolism of the subject, as 
described for example in the above-cited U.S. Patents 4,917,108; 5,038,792; 
5,178,155; 5,179,958 and 5,836,300 as well as co-pending patent application 
09/630,398. As briefly described above, and as more particularly described in 
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those patents, such a caloric expenditure rate detector includes a respiratory gas 
analyzer which detects inhalations and exhalations of the subject, analyzes the 
oxygen consumption, and produces the caloric expenditure rate measurement 
from such an analysis. While such a caloric expenditure rate detector is 
5 preferred in the illustrated apparatus, it will be appreciated that other types of 
caloric expenditure rate detectors could be used, for example, that described in 
the above-cited U.S. Patent 6,013,009 or in the many patents cited in the 
specification of that patent. 

The apparatus illustrated in Fig. 1 preferably includes two types of body 

10 activity detectors, namely detector 1 1 which detects physical activity, such as a 
pedometer, or accelerometer which detects actual movements of the subject; 
and an exertion level detector 12 which indicates the exertion level by 
measuring the heart rate of the subject. Both types of body activity detectors 
are well known in the art. 

15 If the illustrated apparatus is also to be used for monitoring the caloric 

diet of the subject, it requires an input of the caloric intake shown at 13. Such 
an input may be in the form of calories, or in the form of foods and quantities 
converted by the apparatus into calories. Both forms of caloric intakes are also 
known in art. 

20 The foregoing inputs 10, 11, 12 and 13 are all inputted into a 

microprocessor, generally designated 20, which may be a general purpose 
computer, such as a personal computer (PC), a personal digital assistant (PDA) 
or cellular phone, etc. Microprocessor 20, however, could also be a special- 
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purpose or dedicated computer, dedicated to perform the specific functions for 
monitoring the caloric expenditure rate and/or the caloric diet of the subject, as 
described more particularly below. 

As shown in Fig. 1, microprocessor 20 includes the basic elements of a 
5 computer, namely a CPU 21, memory 22, keyboard (or other input) 23, real 
time clock 24, and display 25. In this case, the microprocessor also includes a 
mode selector 26 which enables the user to select either a Learning Mode or an 
Operational Mode, as will be described more particularly below. The outputs 
of the microprocessor 20 are generally indicated at 27, which could be a 

10 printer, display, and/or storage device, such as a storage card, disk, and the like. 

As indicated above, the mode selector 26 enables the user to select 
either a Learning Mode or an Operational Mode. Briefly, during a Learning 
Mode, the microprocessor utilizes the information inputted via the detectors 10, 
11, 12, for producing both a caloric expenditure rate measurement and a body 

15 activity measurement while the subject is undergoing a plurality of different 
body activities and at different activity rates, at least for one or more of such 
activities. For example, the physical activities could be walking, running, 
bicycling, swimming, etc. The detected physical activity could also be an 
inactive condition, i.e., wherein the subject is at rest or otherwise inactive. 

20 During the Learning Mode, the microprocessor computes a personal correlation 
factor personal to the subject, representing the correlation between the caloric 
expenditure rate measurement and the body activity measurement for each of 
the body activities and rates, and records the personal correlation factors so 
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computed. These personal correlation factors are utilized during the 
operational mode to enable each subsequently measured caloric expenditure 
rate to be modified so that it will more accurately reflect the caloric 
expenditure of the respective individual required to achieve the respective body 
5 activity. 

The foregoing operation of microprocessor 20 is more particularly 
illustrated in the flow chart of Fig. 2. Thus, if the Learning Mode is selected 
(block 30) by the mode selector 26 (Fig. 1), the caloric expenditure rate of the 
subject is detected and inputted into the microprocessor (block 31). At the 
10 same time, the type of body activity and body activity rate are identified (block 

32) , and the measured body activity is inputted into the microprocessor (block 

33) . As shown by block 32 in Fig. 2, the various body activities and rates may 
include walking, running and bicycling, both outdoor and indoor, and at 
different rates; or swimming (identified by particular strokes and/or rates), etc. 

15 The body activity may also be an inactive or rest condition, as shown by block 
32 in Fig. 2. 

The body activity is measured and input into the microprocessor (block 
33). The measurement of the body activity may be in any of the known 
manners, e.g. by a pedometer or accelerometer for measuring physical 
20 movements of the subject. The body activity could also be measured by a heart 
rate detector, which measures the physical exertion of the subject. 

The body activity may also be measured indirectly, as by measuring the 
distance covered by the user during an interval of running, etc., and the time of 
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the interval. The distance may be a known value. For runners, their caloric 
expenditure while running at various rates such as six, seven, eight, nine and 
ten miles per hour might be measured by use of an indirect calorimeter while 
on a treadmill. They could then run a measured distance, such as a mile or half 
5 mile, and the time required for the run measured and converted into caloric 
expenditure by correlation with the previous measurements. 

The rate of running, biking, etc. may be measured by recording GPS 
measurements and the times of the measurements at intervals. The calculated 
speed could then be translated into caloric expenditure by correlation. 

10 For each body activity and rate, the microprocessor computes a 

personal correlation factor (PCF), which is personal to that subject for the 
respective body activity and for the respective activity rate (block 34). The 
PCFs so computed, are stored, e.g. in a look-up table (LUT), or in the form of a 
curve, within the microprocessor. Such computed PCFs may also be stored 

15 within a removable storage device (e.g. disk, card) for application to another 
processor for use during the Operational Mode. Alternatively, the stored 
computed PCFs may be printed out to enable the subject to manually introduce 
this information into that microprocessor, or another microprocessor, to 
perform the functions effected during the Operational Mode. 

20 During the Operational Mode, as shown in Fig. 2, the body activity rate 

is again detected by detector 12 while the subject is undergoing a particular 
body activity at a particular rate, and this measurement is introduced into the 
microprocessor (block 41). The identification of the body activity and rate is 
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also introduced into the microprocessor (block 42). The personal correlation 
factor (PCF) computed during the Learning Mode for the respective body 
activity and rate is then introduced into the microprocessor (block 43). This 
can be done by automatically transferring the respective PCF from the 
5 microprocessor memory 22 stored to the CPU. On the other hand, if the PCFs 
computed during the Learning Mode are stored in a removable storage device 
(e.g. disk, card), such a removable storage device may be applied to the 
processor for introducing the respective PCF; or if the PCFs were outputted in 
printed form, the respective PCF may be manually introduced by the subject 
10 into the microprocessor according to block 43 in Fig. 2. 

The introduced PCF for the respective body activity and rate is then 
utilized to compute the actual caloric expenditure rate applicable to the 
particular subject, for the particular body activity, at the particular activity rate 
(block 44), thereby providing an accurate measurement of the actual caloric 
15 expenditure rate. 

The caloric expenditure rate so computed is then integrated over a time 
period to compute the total caloric expenditure (TCE) (block 45). 

If the apparatus is also used for monitoring the caloric diet, the caloric 
intake is also inputted via the input unit 13 (Fig. 1), as indicated by block 46, to 
20 enable the microprocessor to produce a running balance of the caloric intake 
minus the caloric expenditure (block 47). 

It will thus be seen, as shown in Fig. 1, the microprocessor 20 may 
produce any one of a number of desired outputs, including: the PCFs (personal 
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correction factors) for the respective subject, body activity and activity rate; the 
CERs (caloric expenditure rates) for the respective subject, body activity and 
activity rate; the total calories expended (TCE); and/or the caloric balance of 
caloric intake less caloric expenditure. The foregoing could be outputted to 
5 output devices in the microprocessor itself, or could be outputted in various 
forms to printers, displays, or other forms of storage devices for application to 
other processors. 

Fig. 3 illustrates the option wherein the total calories expended (TCE) is 
computed and is stored on a separate storage device, such as a card or disk 50, 
10 and inputted into a PDA or PC 51, together with the caloric intake over the 
respective period of time inputted via input device 52. The PDA or PC then 
processes this information to produce the caloric balance of caloric intake 
minus caloric expenditure, as shown by block 54. 

It will be appreciated that the personal correlation factor could be stored 
15 in the form of the computed relation of the caloric expenditure rate and the 
body activity measured during the test mode, or in the form of the latter two 
measurements alone, such that when a body activity is subsequently detected 
corresponding to one measured during the test mode, the corresponding caloric 
expenditure rate measured and stored in the test mode can be retrieved or 
20 computed for use as the caloric expenditure rate in monitoring the caloric 
expenditure of the subject. 

The described apparatus thus enables the caloric expenditure rate of a 
subject to be continuously monitored by using only a body activity detector, 



WO 01/26535 PCT/USOO/28012 

14 

such as a pedometer, accelerometer, and/or heart rate monitor. Such body 
activity detectors can be more conveniently carried by the subject without 
interfering with the subject's normal activities (both exercising and non- 
exercising activities), as compared to caloric expenditure rate detectors, 
5 particularly of the respiratory type which are the preferred type in the apparatus 
as discussed above. 

While the invention has been described with respect to a preferred 
embodiment, it will be appreciated that this is set forth only for purposes of 
example, and that many variations, modifications and other applications of the 
1 0 invention may be made. 
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Claims 

1 1. Apparatus for monitoring the caloric expenditure rate of a 

2 subject, comprising: 

3 a caloric expenditure rate detector for detecting and measuring the 

4 caloric expenditure rate of the subject; 

5 a body activity detector for detecting and measuring the body activity of 

6 the subject; and 

7 a processor for storing a measured caloric expenditure rate and a 

8 concurrently measured body activity for each of a plurality of different body 

9 activities and activity rates, to enable each subsequently detected body activity 

1 0 measurement to be converted to the caloric expenditure rate of the respective 

1 1 subject. 



1 2. The apparatus according to claim 1, wherein said processor is 

2 programmable to operate in: 

3 a test mode, in which the processor measures and stores a caloric 

4 expenditure rate for each body activity; and 

5 an operational mode, in which the processor converts each subsequently 

6 detected body activity measurement to the corresponding caloric expenditure 

7 rate stored during the test mode. 



2 



3. The apparatus according to claim 2, wherein said processor 
integrates the caloric expenditure rate over a period of time to produce an 



WO 01/26535 



16 



PCT/USOO/28012 



3 output representing the total caloric expenditure over the respective period of 

4 time. 

1 4. The apparatus according to claim 1, wherein said caloric 

2 expenditure rate detector is an indirect calorimeter which detects inhalations 

3 and exhalations of the subject, analyzes the oxygen consumption, and produces 

4 said caloric expenditure rate measurement therefrom. 

1 5. The apparatus according to claim 1, wherein said body activity 

2 detector additionally produces a body activity measurement when the body of 

3 the subject is relatively at rest, to enable a personal correlation factor also to be 

4 computed and stored during the test mode corresponding to a relatively at rest 

5 body condition of the subject, and to be used in the operational mode for 

6 determining the caloric expenditure rate when the subject's body is at rest. 

1 6. The apparatus according to claim 1, wherein said body activity 

2 detector detects physical activities of the subject including walking and running 

3 at different rates. 

1 7. The apparatus according to claim 1 wherein the body activity 

2 detector comprises a GPS system and a clock, means for recording the GPS 

3 output and the time intervals, and means for calculating the body speed from 

4 said recorded measurements. 
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1 8. The apparatus according to claim 1, wherein said body activity 

2 detector detects the heart rate of the subject. 

1 9. The apparatus according to claim 1, wherein said body activity 

2 detector detects both the physical activities of the subject and the heart rate of 

3 the subject. 

1 10. Apparatus for monitoring the caloric expenditure rate of a 

2 subject, comprising: 

3 a caloric expenditure rate detector for detecting and measuring the 

4 caloric expenditure rate of the subject; 

5 a body activity detector for detecting and measuring the body activity of 

6 the subject, including when the subject's body is relatively at rest; and 

7 a processor for storing a measured caloric expenditure rate and a 

8 concurrently measured body activity for each of a plurality of different body 

9 activities; said processor being programmable to operate in: 

10 a test mode in which the processor measures and stores a caloric 

1 1 expenditure rate for each body activity; and 

1 2 an operational mode in which the processor converts each subsequently 

13 detected body activity measurement to the corresponding caloric expenditure 

1 4 rate stored during the test mode. 
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1 11. The apparatus according to claim 10, wherein said processor 

2 integrates the caloric expenditure rate over a period of time to produce an 

3 output representing the total caloric expenditure over the respective period of 

4 time. 

1 12. The apparatus according to claim 10, wherein said caloric 

2 expenditure rate detector is a respiratory gas analyzer which receives 

3 inhalations and exhalations of the subject, analyzes the oxygen consumption, 

4 and produces said caloric expenditure rate measurement therefrom. 

1 13. The apparatus according to claim 10, wherein said body activity 

2 detector detects physical activities of the subject including walking and running 

3 at different rates. 

1 14. The apparatus according to claim 10, wherein said body activity 

2 detector detects the heart rate of the subject. 

1 15. The apparatus according to claim 10, wherein said body activity 

2 detector detects both the physical activities of the subject and the heart rate of 

3 the subject. 



1 



2 



16. Apparatus for monitoring the caloric expenditure rate of a 
subject, comprising: 
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3 a caloric expenditure rate detector for detecting and measuring the 

4 caloric expenditure rate of a subject; 

5 a body activity detector for detecting and measuring the body activity of 

6 the subject; and 

7 a processor for storing a measured caloric expenditure rate with a 

8 measured body activity for each of a plurality of body activities during a test 

9 mode, and, in an operational mode, receiving a signal from the body activity 
10 detector and calculating the caloric expenditure utilizing the stored caloric 
1 i expenditure rate corresponding to the body activity as stored in the test mode. 

1 17. The apparatus according to claim 16, wherein said processor is a 

2 PDA (personal digital assistant). 

1 1 8. The apparatus according to claim 16, wherein said processor is a 

2 PC (personal computer). 

1 19. A method of monitoring the caloric expenditure of a subject, 

2 comprising: 

3 A. equipping the subject with: (1) a calorie expenditure rate 

4 detector for producing a caloric expenditure rate measurement of the subject, 

5 and (2) a body activity detector for producing a body activity measurement of 

6 the subject; 
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7 B. during a test mode: (1) utilizing said detectors for producing 

8 said caloric expenditure rate measurement and said body activity measurement 

9 while the subject is undergoing a plurality of different body activities and at 

10 different rates, and (2) storing the correlation between said two measurements 

1 1 for each of said body activities and rates; and 

1 2 C. during an operational mode: 

13 (1) utilizing said body activity detector for producing a body 

1 4 activity measurement; 

15 (2) retrieving the corresponding caloric expenditure rate 

16 measurement stored for the respective body activity; and 

17 (3) utilizing said retrieved caloric expenditure rate 

18 measurement as the measurement of the caloric expenditure rate in monitoring 

1 9 the caloric expenditure of the subject. 

1 20. The method according to claim 19, wherein said caloric 

2 expenditure rate detector is a respiratory gas analyzer which receives 

3 inhalations and exhalations of the subject, analyzes the oxygen consumption, 

4 and produces therefrom said caloric expenditure rate measurement. 



1 
2 



21. The method according to claim 19, wherein said body activity 
detector also produces a measurement when the subject is relatively inactive. 
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1 22. The method according to claim 19, wherein said body activity 

2 detector detects movements of the subject. 

1 23. The method according to claim 19, wherein said body activity 

2 detector detects the heart rate of the subject. 

1 24. The method according to claim 19, wherein said body activity 

2 detector detects both physical movements and the heart rate of the subject. 

1 25. A method of monitoring the caloric diet of a subject, 

2 comprising: 

3 monitoring the caloric expenditure rate of the subject according to 

4 claim 19; 

5 integrating the caloric expenditure rate over a period of time; 

6 inputting the caloric intake of the subject over said period of time; and 

7 producing a running balance of the caloric intake minus the caloric 

8 expenditure. 
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